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. . ,

Module Tittle:
. 11. i ",

.

Basic*ChemicalPnecipitation *Spftening .

SUbM odule Title: .

. .

. t,

,

Approx. Time:

\ .
,

- ,

14 hours .

Topl-c:
.

.

. .

.

.

Summary
-

.,

06jectives:Upon completion of this module, the participant will't?e able to:
1. Describe the chemistry-of chemical precipitation softening
2. Describe the operation of chemical precipitation softening
3. Describ'e the labbratory control necessary for chemical precipitation

softening , ..

4. -Describe the safety requirements for chemical precipitation,softening.,

. .

.

-
. , *

.
.

. .

.

, . .

e
.

0 e , . .

-

.

i.,Instructional' Aids: .

.

,

1. Handout
.

,

.
.

:
.

._
W2. Transparencies #1422

. ,
.

.. .

.

.
.

,
. f

1

. 4 . A . .
.

.

0

Instructional Approach: i7i',.%
,

, . -
DiScussion and Class Problems

. ,

0
,,;

.
.

. . .
. I.

. . _

,
,

. . . .

..,

...

References: l . -.

1. Manual of In:ZNction for Water Treatment Pl4it Operators,'Health
.

Education Service .

2. Manual of Water Utjlity Operations, Texas Water. Utility Assodation
,

S. Wateh Supply & Treatment, National Lime Association
4. Standard Methods Tor the Examination of Water'and Wastgwater, 14thEd.

15. Methods for CheMical Analysis of Water and Wast&, ERA'
,. ., : ..,. /.

Class Assignments: .

-..
,

.
.

J. The participant will read Handout.
..

.2. The participant will.complete Problems 4143 . -, .

..-
.

4 . V) '
e. 4

. . -. .,

. s

, , ..
.. . . ..; . ,,. -,

. . .

0

,
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Module No:

II2TWS Summary

Instructor Notes: Instructor, Outline:

. Diatrpute Handout

(
'2. Present Transparenci4s

.

r.

o

1. Discuss land identify the chemistry,
operation, labortitory control and
safety requirements for chemical

'precipitation softening.

"2. Give evaluation of 30 questions.

el

. t

4

4
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Module Title:

Basic CheMical Precipitation SofteAirig

Submodule Title:

Appjox. Time: . t

/
Topic:.

. .

,
-Introduction

.

Objectives: Upon completionof.this topic, the .partitipani,will be able to:

1. Describe what hardness is. 1.
2. 'Describe what chemical precififation softeningtis.
32' State advantages of chemical precipitation softening.
4. State disadvantages ofchemical.precipitation softening.

Instructional Aids:
0 o .,

.,

'1:

.

Handout - Introduction,,. - ..- -

.,. .

JR."- TranSpadncy,#14- What ite,Hardness
3-. ,Transparency #2 - What is SOftening, 4 ' .'

4. Transparency #3 ,.- AdvantagV-S of chemical precipitation _

b" Tfansparency- Disadvantages of, chemical precipitation softening
6. 'Transparency #5 -.Review of Terminolo6

Instrtictidnal ApprOch: :
j.

.Discussion'

'"J(
References:

. . ,/.
.

. ,

1. Manual of.Instruction for'Water Treatment Rlant Operators, Health
-ert,.

Education'Service. , ,
,

2. Manual of Water -Utility Operators, Texas Water Utilities Association.
3. Water Supply & Treatment, National Lime Association.

Class Assignrients!,/ \
,

1:*The,particli pant will read Hand.out7,Intioductton.
. . 4 ,





0

4

'10

t.

.4
Page

I

of

Module, No:,

II2TWS

Instructor Notes:

Topic:

Principles of ChemiCal Preeipitat4n/oftening

Instructor °utile: /j/
. ,

(.7-
.

1. Discuss What Hardness Is
a. Chemical' Components of .Hardness
b. Types of Hardness

1) Carbonate

1 'Presen , Transparency #

,
2)* -,pon, carbonate

c. Typita 1 Hardnesses n

d. Typical Hardnesses $6 I

2. Present Transparengy #2 2. Discuss What-..Softening Is.

.3. Present if ra parency #3-
and #4

o
O

4. Present Trarisparency #5
Ask the class to provide
the instructor with the
correct definition for

: each term and write _it

on the transparency.

-a-

a. Removal of Hardness
b. Types f

1.. ,,,ChgliC7a1

2. Ion exchange.

3.A Why Soften
:a. Advanta es

1%,, tons me less. soap and detergent.

2. 6,Incre se the life of clothing
and of er ar id-es- being cleaned.

3./ Increase the life, of pipes and
fixtures, heating systems, and
boiler shells and tubes for

4.

, depositing water.
4. Certpin industrial processes

require it. .

5. Some indications that hard water
may be the cause of certain
'cardiovascular diseases.

6. Remove radioactive nuclides.
b. pi sadvantages

I. With imprd5er control, softened
water may be more corrosive or
scaling than the raw water.

2. Chemical precipitation softening
produces a significant volume of
sludge which has.to be disposed of.

1. Hardness -*The ,concentration of Calcium;
Magnesium and other divalent cations
oUttd- in ,water.

Carbonate HardnesS - That portion of
hardness that is'in combination with
biocarKonate. -
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Topic: ,

Principles of Chemical Precipitation Softening

Instructor Notes: Instructor 9utline:

%
3. Non Carbonate Hardnesi - That porOon

of.hardne's that is. in combination
with sulfates; chlorides, nitrates
nr:1 ptheranions...

4. 'Softening -. The removal of hdr:dpess
ions from the water.

5. Chemical Softening'- The removal of
hardness, ions by precipitation with

'lime and soda Ash:, .

.Ion Exchange Softening - The removal
of hardness ions by exchanging them
cvitn:"sodium ions.

I

k
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Approx. Time:

2 hours

Submodul e ,Ti tl e:

Prtn6iples of 'Chemical Pr6cipitation Softening

Objectives: Upon completion of this topic, the participant will be able to:
i 1. .Write the chemical reactions for chemiCal 'pre ipitation .softening.

2.' Write the chemical reaction for recarbonatio

6

Instructional Aids:

1. Handout-Principles of Chemical Precipitation Softening.
2. Transparency#6 & 7 - Softening Reactions
3. Transparency #8-RecarbonatiOn Reacttons

Instructional Approach:

Discussion an. Class Problem .

References:
. ) .( N

1. Manual of Instruction fo'r Water Treatment PlantkOperators, Health (
Education Service. - .

.

2. Manual of Water Utility Operators, Texas Water Utili 'ties Association.
3. Water Supply & Treatment, National Lime Association. .

'Class Assignments,:

1'. The participant will read Handout-Principles of Chemical Precipitation
Sciftening' . .

,

, . .

2. Complete Problem #1 on chemical reactions. -
.

10 A

e
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Topic:

Principles of Chemical Precipitation .Softening

Instructor Notts Instructor Outline:

. Present Transparency #6,

. Present Transparency, #7

-

. Present Transparency #8

Present Class Problem #1
Work Part A with'class
Orticipation. Have class
work Part.B on their own
and help those with
problems.

.1 -

.Discuss the softening, reactions for.:
carbonic hardness..

. Discuss the softening reactions for
noncarbonate hardness.

Discuss'the rscarbonation reactions.

at A
1. l'inOTe

2. (250 mg/1)/ (1)
62 mg/m

mole)( 1 mole)

(74 mg/m mole) = 1141ng/1 610(62

3. 500-250 = 250 mg/1

Part B

wov

.

1. 1 'mole of lime and 1,mole of soda -ash
2. For Calcium

114 mg/1 6(OH)2

For magnesiUm

(250 'mg/1)/'
(120 mg /m moJe)

(1 mole)

(7.4 mg/m-mole) = 154 mg/i, Ca(01-02-

(250 mole)
)/(120 mg/m mole)

(A

(106 m mole),-- 221 mg. /1 Na2CO3

3. 900-250 - ((250)(24))+4(221,)(46))
/' 120 106

I t ,

CaCO
3

mg Na

'900-.250 - 50 + 96 = 696-mg/1
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Module Ti tle:

-

Basic ChemiCal'Preeipttation Softening '

Apprbk. Time:

6
1 hour

SabmodUle Title:

Topic:

Chemical Precipitation Softening Procgsses

k Obj e c t tves
. .

. 'Upon completion' 2f this topic; the participant will be 'able .tp:
1. Identify and describe two stage lime softening.

.

2. Identify,and describe split treatment softening. ,.
.

3, ,Identiy-aild :describe single stage lime followed by recarbonation- ,

softening. ,

r

r"'
°

Instructional Aid-s: .
"

. .

1. Handout - Chemical Pfecipitation Softening Processes
2. Transparency #9'- TwkStage Liie Softening = -

3. Transparency .n;10= Split' Treatment Softening

4:- Transparency lill- Single .Stage S'oftening- fotildwed by recal-bonation.-

Ipstructional'Approach:
fi

Discussionand Class Problem

p.

References: , k-, I
.

1. Manual, of Instruction f6r11,ater 'Treatment P1 ant Operators, Health

Manual
Serv4ce. .

2. Iranuaq of Water Utility' Operators; Texas Water Utilities Association.
3. Water SuPply. & Treatment, National Ljme Association. .

.

. .

t,,
Class Assignments:

.
.

.

,

.
.

'1. The will read HanaoUtt:Chemical 'Precipitation Softening
Processes-.. . .

. ,
.,

.

. 2. The participant' will, complete Prob1emJ2 on cileffical processes.
,

.
_ .

.. o
. _ .

. .1. .
.

.

4 -
. e

a , r

..
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Topic: k .1

,Chemical Precipitation Softenjng Processes

'Instructor'NoteS: Instructor Outline:,

Pre,sentTransparency #94

. Present'Transparency #10

. ,Present Tra parency #11

Present Class Problem W2
Have c com lete the
problem on own and
then work problem with
class participation.

1

. Disucss the various units in two it

stage softening'and the purpdse of each.
biscuss the general types, of waters that
lend thems'elves to this type of process..
Discuss advantages anedisadvantages-of '

this process.

-a. Each Stage Chemical reactions
b. Chemical Costs

. -

c. Finished Water Quality
d. Capital Costs

Discuss the various units used in split
treatment-and the purpose of each. Discuss
the general types of waters that lend them-
Selves to this type of procesi.,,Compare'
advantages and disadvantages of this process
to that of two stage softening.

a. Carbon, Dioxide
b. Chemical.Costs
c. Finished Water. Quality
d. Capital Costs

DisrUss the various uoits.use7c1 in single

siSgeloftening,- Discuss the general
types tf'waters that lend\themselveg_
to this type of process. Compare advan-
tages and disadvantages of ,this process
to that ,of the other two processet.

o

a. ChemicalReactions
b. Chemical Costs
c. Finished Water Quality
d. 'Capital Costs

. 1. F

2. F

3. F'
4. F
5. F

Discuss .each answer and useeach question
tb stress the points of each process. ,
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Mod No:
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...
.

. .

.Ps,...
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.

-
Module Title:

.

.

- ....- ...

.

. .. ,

Basic Chemical forecioitation Softenino .

,

Submodqle Title: '
-

,

.

'. . _ - .Ap41Dx. Time:

.

1 hour

Topic: .

. ,
. .

Types of Chemical- Precipitation Softeners

Objectives: Upon completion.of this topic, the participant will be able to:"
1. Identify and describe straight line softening. ;

-2. Identitpand describe upflow solids contact unit softening.
3. Identify and describe "spiro-reactor" softening.

.;
.

.. -

. .

.

.

.

- . .

. . a1 .

...:,
.

Instructional Aids: '

.
,

* 0-

1. Handout - Types of Chemical Precipitation SOfteners. .
,2. Transparency #12- Straight linesoftener. -

.3. Transparency #13- UpfloW solids contact softener.
. . ,..,

4. Transparency #14 "Spiractoc
, ..,

" softener,
Is. .

...
....,

. ,

.
. .,...

Instructional Approach:
.

.

Discussion
-

.
.. ,

'0 7'
. . .:

. .

References:
. _

. )
1. Manual of Instruction for Water Treatment Plant Operators, Health

,

Education Service. .

2. Manual of Water Utility Operators, -Texas Water Utilities.Association.
li Water Supply & Treatment, National. Lime Association,

f

.

. ...

.

... ...

Class Assignments: ,

.

. .

,

.

1. The participant will read Handout-Types of Chemical Precipitation Softener,
- . °

A

..."-$

.
4.. .

.. 14 -.
%

. ,.



sr.

2

Module. No:
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Instructor Notes:

t.

Page

Topic:

Types of Chemical Precipitatign Softeners

Instructor Outline:,

1. Present Transparency #12

2. Present Transparency 93

1
we.

3. Present Transparenc 414

c,

(23

1'

Discuss the configuration ok units used in-
straight line softener. , Exriain each unit, .

the,purpose of each and the way each should .

'be generally operated. Explain advantages
and diiadvantages of straight line softeners.

e. Proceis Loading & Finished Water
b. Sludge Characteristcs
c. Capital Costs

2. Discuss the internal parts pf the upflow
solids contact softener. E'Xplain each part,
the purpose of each and the way each should
be generally operated. -Explain advahtages
and disadvantages of upflow solids contact
Softener.

a. Process Loading & Finished Watef'
b Sludge Characteristics
c. Capital.Costs

.0146 '
3. Discuss the component of the "spiroaCtor"
. softener. Explain each omponent, the

purpose of each and the way each should
be generally operated. xplain advantages ,

and disadvantages of "sp roactor"- softener.,,

a. Prbcess Loading & Finished Water
,Sludge Characteristics ,

c. Capital Costs,

x
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Module NO: Module Title: . .

..

, 1ft
,

.
.

.

Basic Chemical Precipitation Softening , _

II2T
''Submodule Title: .

M/,,,_

.

Approx. Time: / -
.

.

, Topic: - . J'4

' '. *.
.

3 hours ° Basic Operation of Chemical Precipitation Softeners

Objectives: Upon completion of this topic, the participant will be able to:
l State the control parameters for each- type of chemical prepipitation

softening. , : ... -

..
-
a

.

, . .

.
.

.. . .. ,.

,
.

,

.
,

.

.
.. .

,
.

Instructional Aids: .. .
. ,

--- .° .
c.

1. Hando6t-Basic Operation tf Chemical Precipitation,Safteners. ,

2. Transparency #15:-,Two Stage Softening \ .,

'3* Transparency #16 - Split Treatment
- '

.

. .
.

4. Transparency #17 Single Stage . -.
.

,
,

.

Instructional Approach: -
.

.
. 1

'Discussion -and class problem .
, , A

, ,- /

l .

'

. . .
Ref rences: , %

_
.,

.

4 .

1. Manual of'Instructien for Water Treatment Plant Operatorsflealth
EducatioeSe'rvice-., . - ,

2. Manual of Water Utility'Operators, Texas Water Utilities Association.
3. Water Supply & Treatmenf;-National Lime-Association. ..

- 1,
. ,

.
,

.

Class AssiOments:
.

,.,
.

1. The partiCipant will read Handout-Basic Operation of Chemical-
Precipitation Softeners. -- . - . -

. .

?. Complete Problem #3 on /operation of chemical precipitation softeners:
. . . . .,

.7 -.

.
.

...

16 :... .
.. . .



a

4

.Page 14 ,of

Module No : Topic:

Basic Operation of Otremi61 Precipitation Softenefp

Instructor Notes: Instructor Obtltne:

. Present Transparency., #15 1. Discutne operation of a,two.
-st softening plant. Include
h.w each type of softener is affected
and what reactions are taking place.

. ,

. Present Transparency.#15 2. Discuss-he operation of a split treatment
softening plant. Include how each type of

, softener is affected and what reactions
are taking place. ,

. ,

..,, . .. .

Present Transparency #17 3. Discu.Ssthekoperation of a,single stage'
4 softening plant. Include how each type

'of softener is- affected and what reactions
are taking place.

.

1.

.

sent Class Problem #3 4. ,a. Single
'stage, 9 d work with class b. Single

- participation: c. Single stage,
d. Two stage

.

/ e. Split treatment
Two stage

,,,-.

g. Split treatment-two stage .

h. Two stage
.i Split treatment -too 'stage

I."'I
's1

Work each problem show)ng the final Water
quality and operational parameters for each
caseF.

. t
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'Module.No: Module Title:l
. .

.
.

.

Basic ChemiCapl Precipitation Softening
v

II2TWS
Submodule Title: .

. . .

,

,Approx. Time:

, Topic: e
t

.

..

, ..

2 hours ). Water Stabilisation

Objectives:Upon .. completion of this topic, the participant will be able to:

. . .

1. Determine the roper pH for a given treated water to control scale and
corrosion. t

,. -'c .

. 44
ta .

., . .

. .
I . .

. 4
e ..

Instructional Aids: , ,

,.. -

1. HandoUt-Water Stabilization r \
, .

'2. Transparency #18 - Factors affecting Water Stabilization_
. .

3. Transparency #19 Reizener Index
41 Transparency #20 Situration pH.

.
.....

1 . .
,

.

.

_ .

..

I-nstryctional Approach: .

Discussion and Class Problem ''. .
.

. -
,

.

.

,....-
, .

References:- ---
IL

1. KintraPof Instruction for Water Treatment Plant Operators, Health ,, .;

Education Seevice. :7 _

2. Manual of Water Utility'Ope.rators, TegNter Utilities Association.
3. Water St ply & Treatment, National Lime Association.

. . .

. _
.1. ,

..5 .

,

.

.Class Assignments: .
.

.

1.. The participant will read Handout - Water Stabilization. ,....4,-

`'2. The participant will complete Problem i4 - Water Stabilization. :

. ' ,i-4".. , 1
. .

c-
.

.

.

. A Ca.
1 8 . .

. . . ,
.

.
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Module No;,.

II2TOS

Topic:

!rater Stabilization

Instructor Notes: Instructor Outline:

. Present Transparency #18

. Present Transparency #19

. Present. Transparency P20

. Present Class Problem #4
. Have class work problem

on their own. Then work
the probleM with class ..

-participation.

,
1

1. Discuss the factors and their importance, .

in water stabilization. Discuss by passing
wate4 to achieve a 80 Mg/1 tothardness
finished water.

$

2. Discuss the Reizener curve and equation.
Point out the index is only a guide and
not absolute. For cold water a S.I. of
6.0 is a good starting point.

3. Discuss the use of the diagram for use in
calculating pHs. Work problem at bottom
of diagram.

4. Review the idea of bypassing to obtain the
desired water.---Then calculate the proper
finished water pH.

8Ga) g7%
(

b) Hardness = 360 x 27% = 80 mg/1 as CaCO
3Calcium F 180 x 27% = 49 mg/1 as CaCO3

Alkalinity = 3000mg./.1 as,.Cac() .

Temperature =:60 F L.

pH = 7.3 r

Total Dissolved Solids = 100.mg/1
Note:. TDS has littleffect on Oft

therefore, .assume- a.value
slightly -hfgher than natural
water.

pHs = 9.30 + .2 + 2.,07-1.31T2.49 = 7.77

pH = 2(7.77)-6,.0 =
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Module .
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Module Title:

'Pcic *Chemica Precipitation ,So,tenina
VSubmodule Title:

Approx. Time:

1/2 hour

Topic: .

Safety.

Objectives: 'Upon completion Of this topic, the participant willbe able to:,
1 State the potential hazards in operating a chemical precipitation

softener. -

2. State the proper corrective measures to minimize safetyhazards.
'3. State the proper actions required after,en accident.'

wit

c-

Instruction 1 Aids:

1. Handout - Safety
2. Transparency #21 - Safety

Instructional Approach:

Discussion

4
i

References:

1. Manual of Instruction for WAereqreatment Plant Operators, Health
\ , Education Service. .

2. Manual of' Water Utility tOpenators, Texas Water Utilities Association.
3. ',Water Supply &.Treatment, Na Iona]. Lime Assbciation..

Class Assignments:

1. The participant will read Handout Safety

20: '



Module No:

II2TWS

Z.-
Instructgis Not

Topic:

Safety

Page 1§

Instrptpr Outine:

17 Prestit ransparency #21 Discuss safety in operating a chemical
precipitation softening 'plant.
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Module No: ,

II2TWS

. .

Module Title:

1.

_Page iq :of

BasiC Chemical Precipitation Softenina .

Approx..Time:

3 hours

Submodule Title:
r

4.

cr

Topic:

t

Laboratory Control

ObjectiNes: Upon completion of thistopic, th, parti,cipan't will be able to:
1. Selectthe'proper analytical tbsts for operational codtrol.
a.' Explafh the analytical tests for operational dontrol.
3. Interpret the results of analytical tests used in operational control.

I a

-T
I

a
Ins6suctional Aids:

,

1. Handout - L'aboratory Control .

Transparency #22 Laboratory Control

Instructional Approach:

Discussion,

n 41

J.

J

-11t,ferences:. '

1. Standard Methods for the Examination of Water and Wastewater, 14th Ed.

2. Methas for Chemical Analysis of Water and Waste,.EPA-

Class'Assignments:

I. Tht participant will read Handout - Laboratory ControT

r

,22



.r3 Page , 20 of

Module No:

II2TWZ laboratory Control

Instructor Note5:
,

Instructor Outline:

1

Present Transparency J22

_ -

2,
I

1

1. Discuss the various laboratory analysis and
the need for each.

-
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..

Page 21 ofol

-M'o.dule No:

II2TWS .
,Basic

Module Title: _

. .

Chemical Precibita.tion Sof;eninc

Submodule.Title:
, .

-.
o

i

.

.'Approx. Time :

-

1 hour .

Jopic:
.

.

Evaluation-

'Objectives:

.
. .

The participant should be able to answer correctly 25 of the 30 question's
asked-

.

. .

, .

,
.

,....,-.1 ,
.

1Sivt

,---,

. .

tructional Aids/. _.,

. ----
.

None -
,

-.'..

,,

..
.

.
4

,

. .

.
_

. .

Instructional Approach: __ ....

Examination
,

'References: . -
..

None % ,

.
. _, ._ .

.

.
.

.

. .-

Class Assignments:

R ,

None
4 .

.
.

. ,-- ._ ,

. ,

.

.4

... 1.,1 .1'74
....0r.

,.. A IA :: '".' Z. -,
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Module Ea:

II2TWS

Instructor Notes:

44

Evaluation

Instructor Outline:.

Distribute exam. '4-ach,

participant is to complete
he exam independently

and with fo books or notes.
Collect after 1 hour.,

O

.

e -4
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tOr....a..~...ftfl.....=.4..1r1,.

WHAT IS HARDNESS?

J. CHEMICAL' COMPONENTS

A) A++

B) G

-OTHER,

2. TYPES OF HARDNESS

. A) CARBONATE

CA(HCO3)9.0R MG (HCO3)2'

B) NON CARBONATE .

- CASOL. OR' Mt;(CL)?

1

J

4

TRANSPARFNPV T i9T1A -u1



-.04. ---acmrzusea..---rx 1,

.10

te,

VIHAT IS SOFTENING?
140

REMOVAL OF HARDNESS.

2. TYPES

A) CHEMICAL PRECIPITATION

B) ION EXCHANGE

-9...:

28

(.6

-1

TRANSPARENCY 1-I2114S



fs 4

7

. ADVANTAGES

A) CONSUME LESS/SOWAMDETERGENT
B) }CREASE THE,CIFE OF, CLOTHING AUD OTHER ARTICLES

BEING ,CLEANED.

C) INCREASE THE LIFE OF PIPES AND FIXTURES, HEATING
SYSTEMS, AND BOILER SHELLS AND TUBES' FOR DEPOSITING
WATER.

'D) CERTAIN INDUSTRIAL PROCESSESREGUIRE IT.
E) SOME'IKDICATIONS THAT HARD WATER MAY BE THE CAUSE

OF CERTAIN CARDIOVASCULAR DISEASES.'

F) PIMOVE RADIOACTIVE NUCLIDES.

.aa

r

s e V

r

6r.

4

TRNry I T7T1K

8



c

NY SOH LA?

2; DISADVANTAGES

A)' 'WITH IMPROPER CONTROL, SOFTENED WATER
MAY BE MORE CORROSIVE OR SCALING THAN

, THE RAN.WATER;
.

B)" CHEMICAL PRECIPITATION SOFTENING PRODUCES
: A SIGNIFICANT VOLUME OF SLUDGE'WHICH HAS
.-: TO BE DISPOSED OF.

a

6

Jr

0
4

30.

TRANSPARENCY II2TWS #4
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HARDNESS

V(

2. 'CARBONATE HARDNESS

.NONCARBONATE HARDNESS

4. SOFTENING

5. CHEMICAL SOFTENING

.

ION EXCHANGE SOFTENING

43

*0.

I
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N

SOFT6III) Fac=ricus .

'1, FREE CARBON VIOXIDE

CO2 + CA (Gi-D2 > CAC 03 -I' 1120

A

CARBON LIME CALCIUM WATER
DIOXIDE CARBONATE

2, CALCIUM CARBONATE I IARDNESS

CA(IIC03)2 +. CA(01P2'---->2 aca3k + 2 1120

CALCIUM LIME CALCIUM WATER
CARBONATE, '- CARBONATE - `.

3. 'IlAviG siUM CARBONATE HARDNESS

fIG(1IC03)2 + 2 CA(C(1)2 > CACCr341+MG(011)2 2 1120

o.

32.

t.

TRANSPARENCY 112T1L



S014.IIING REPETIO(HS

CALC I UM I IONCARBONATE I IARDNE SS
. ,

CAC03 + 1IA2011CASOLI + 11A2CO3

LC I 1.11 SODA CALC I UM

SULFATE S .CARI3ONA1E, LFATE

I IAGNES I UM HONCARBONATE HARDNESS

+ 11A2CO3 + cA(a{)2

ry\GNEsim, SODA LIME
SULFATE ASH'

.33

CAC03+ -}" MG (Ci I) + tiA2S0/1

CALCIUM GNES I UM SOD I UM

CARBONATE 1 HYDROXIDE FATE

. TRANSPARENCY 1 17'

.,"



REARMIATIW, REACTIalS

..

a ;1'
4

. 1
.....

, . \ 4

is EXCESS HYDROXIDE

2 011-' + 112CO3 CO-7 + 2 1120 .

1 IYDROU DE CAR6ON I C CARBONAlE WATER
ION AC ID \ ION

-,
. ,.

(-----k,

2, CALCIUM CARBONATE .

2 CA(.03 + 1-1CO3 --y 2 CliCO3)2

CALCIUM CARBONIC CALCIUM -

CARBONATE AC ID BICARBONATE

3, ilk( JESI.UM HYDROXIDE

. i 1G (U1)2 +2 H2C0 ?) ri iG (i)CO3/ +2 110-

(IAN 1ES I Uvi CARBONIC I 1AGNES I Ul WATER
i IYDROXI DE C ID B I C.ARBONATE

.0.

0

/
'*. i 0

...1 . ,

,..

t

34
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TWO STAGE SOFIVIING

C

RECARBONA- _v_-,
T I ON

a tit

0 .

SECOND .

STAGE

CO2

#,

sgb

1),ECAR;ti 1/1-
T ON ,
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RAW

WATER
AERATION

LIME
ti

SPLIT TREAllEiT,SOFIBIII\

FIRST
STAGE

OIDA

ASH

es-

.37

O

SECOND
STAGE

. A RECAR130-

NATION

C
1

4TRANSPARI:1-4.:( ( L. I
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RAW

WATER
AERATION

. .

LIME

SINGLE STAGE

. SODA

As

SINGLE
STAGE

REcAR130-

NATION

0

FILTERS

e .

ti

.{

I / .

TRANsPARENcff I I21\ = 1111
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1

1 .

b

1

EFFLUENT

. CHAtINEL

I r

."

4 ..
FEED PIPE

qs,

FLASH MIXER

CHAMBER

FLOW

CLARIFIER

1 /

it:

DRIVE.UNIT
WEIR

07

. ..:

.244,441 BLADES -

gi, RAKLARM

I) 4

...,. °'
WV FLE c

4.
4i.-.tv

..Nr
4 '''

CORNER BLADE

GUIDE PLATE_

0
. CAGE BLADE

WALKWAY
. PADDLE SHA .

air

INFLUENT PIPE

#
---)

DIFFUSER

TOP OF TANK

PLAN

DRIVE lour

CHAIN AHD

SPROCKETS

DRY WEIt

A

PADDLE

t '

AAAAArtA*0

A

-/HANDRAIL
TURNIABLE ,INFLUENT WELL /WATER

LEVEL

,4.01--ICRETE PIER

I
CENTER COLUMN

SLUDGE

DISCHARGE PIPE r cAGE I./01MM PIPE

SECTIONAL ELEVATION

BEARINGS

al

A

4'

A.
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A

.

a ,
Wolkwav

tiPRIY;1 TLIDS calyAcr senum

Oa.

Drive Mechanism

*

Rodtol Lounder
I

Baffle
Shaft

Cone

Turbine

U

9 9 0 b

Slucige:1Sipe

1,1

q. 0 0 0
ri

c0

O
a

g

LeEffluent Pipe

Chemical 4
le Feed 2 Inkent Pipe

JIIINVIIY.101,0121701110.7. 04
41

Rake

L

0 0 4
4 0'9 09

I Riser Zone
2 PriMgry Rgac,tion Zona;
3 SecondOry Reaction Zone
4 Clarification Zone
5 Sludge 6 /cake/ and Thickening Zone

112EZ



v

"SPJRACTOR" SOFTER

,..

REAGENT TANKS
AND CHEMICAL

FEED ,PUMPS

N

42

...,... ....---..,

FILTER. FILTER

STORAGE
- TANK -

":---.-_:.-- -'

.5

III

I

SOFTENED, FILTERED WATER TO SERVICE

41

.
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TWO STAGE SOFILNING

1, FIRST-I.-STAGE

Ore

A) PH SHOULD BE ADJUSTED To;
MAGNESIUM-REMOVAL. in Pi
NOT TOTAL MAGNESIUM REMOVAL

2; SECOND STAGE-

VE 1110 WITH LIME TO OBTAIN
CAN REDUCED SCMEWHAT IF
IS REQUIRED.

- .

A) PH OF THE SECOND STAGESHOULD BE APPROXIMATELY 10 TO
OBTALN OPTIMUM CALCIUM REMOVAL.

B) IF'SODA ASH IS USED IT SHOULD BE ADDED JUST PRIOR TO,
THE SECOND STAGE TO HELP REDUCE TJ-I PH.

C) RECARBONATION WITH CARBON DIOXIDE IS' USUALLY REQUIRED
TO LOWER THE PH TO THE OPTIMUM LEVEL,

D) REARBONATION OF THE FINISHED WATER TO APPROXIMATELY
9, 5 IS USUALLY REQUIRED TO PREVENT SCALEBUILDUP ON
THE FILTERS, THIS FINAL PH IS DEPENDENT ON THE WATER,

. CHEMICAL AND PHY$fCAL CHARACTERISTICS AND THEREFORE
REQUIRES A CALCULATION OF THE FINAL PH. FOR EACH.PLANT

ENSURE. PROPERLY STABILIZED WATER,

O .0

4144:44=411=1 ee144144111114,4

V

43
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°

SPLIT IREATMENT SOFTENING

1. FIRST STAGE

AY", PH SHOULD BE ADJUSTED .TO ABOVE .11.0 WITH LIME TO OBTAIN
MAGNESIUM REMOVAL, THIS Pi CAN-BE REDUCED SOMEWHAT TO
OBTAIN THE DESIRED TOTAL MAGNESIUM REMOVAL.

2. SECOND STAGE

46 PH OF THE SECOND STAGE'SHOULD BE APPROXIMATELY 10 TO
OBTAIN OPTIMUM CALCIUM-REMNALe

B) IF SODA ASH IS USED IT-SHOULD BE ADDED JUST PRIOR TO
THE SEMI) STAGE TO HELP REDUCE THE PH.

C) GENERALLY THE CARBON DIOXIDE AND BICARBONATE IN THE SPLIT
FLOW IS ADEQUATE TO LOWER THE PH IN THE SECOND STAGE TO
OBTAIN OPTIMUM CAUL UM REMOVAL. -

D) IF PH DROPS BELOW .1.U.0 .ADD ANDITIONAL LIME TO SEOND STAGE
TO OBTAIN THE DESIRED qacrum REDUCTION.

E) RECARBONATION OF THE FINISHED WATER 1P APPROXIMATELY 9.5 .

IS USUALLY REQUIRED TO, PREVENT SCALEJBUILDUP ON 'THE FILTERS.
THIS FINAL IS DEPENDENT ON THE:WATER CHEMICAL AND PHYSICALL
CHARACT7ISTICS AND THEREFORE REQUIRES A CALCULATION OF THE
FINAL P1 FOR, EACH PLANT TO ENSURE PROPERLY STABILIZED WATER.

o.

4

0

0

ti

/ TRAf SPARSICY I InfiS -111.6



a

u

r

SINGLE STAGE SOFEBIT.

1. SINGLE' STAGE

A) PH SHOULD BE ABOVE ln TO OBTAIN ACCEPTABLE PERFORMANCE OF
THE SOFTENER. IF MAGNESIUM REMOVAL IS DESIRED, THE PH
SHOULD BE ABOVE 11q0. THE OPTIMUM OPERATION, THAT OPERATION
RESULTING IN THE LEAST HARDNESS, WILL BE DIFFERENT FOR EACH
PliANT, RESULTING IN SOME EXPERIMENTATION TO DETERMINE WHAT
PH IS OPTIMAL.r

B) ALL CHEMICALTEEDS ARE ADDED JUST AT THEHEAD OF THE U(tIT.

ti

C) RECARBONATION 0 THE FINISHED WATER TO APPRO )c IMATELY
IS USUALLY REQUIRED TO PREVENT SCALE BUILDUP. THE FILTERS.
THIS FINAL PH IS DEPENDENT ON THE WATER,: CHEMI L AND PHYSICAL
CHARACTERISTICS AND THEREFORE REQUIRES A CALCULATION OF'THE

'

FINAL PH FOR EACH PLANT TO ENSURE PROPERLY ,STABILIZED WATER:

O

45
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E'ETORS PfFECT ['JIG i..1A1T11 ,STIT3 I LI2AT1G I

11, TEI:PERATURE

1ALL tx1

3. 'TGTAL 7..) I S soLvo SOLIDS

. ALKALI NI Ty ,

5. .

4,

(
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1

HCROSTAION

A
VERY HEAVY SCALE

.

1 4

k tAVY SCALE

.

HEA SCALE

AT 150F

.

AT 60F
HOT WATER HEATERS
HEATERS MO

COILS

6o F

,

.HEAVY S LE ./1
0101111 HEAVY SCALE IN

SCALE IN HEATERS

SCALE IN HEATERS

SCALE IN HEATERS

IN HEATER

COILS

.

SCALE

SOvE SCALE AT

.---.SCALE IN HEATER

SLIGHT SCALE-CORROSION
NO DIFFICULTIES

CCH-PtAV7ITS NEGMILE
SCALE OR

NO

ONLY ILIGHT CORROS46
SCALE IN MAINS

PRACTICALLY NO

CORROSION I

QUITE coRcvet
CORROSION IN

CORROSION IM

SEVERE CORROSION-RED
SOME CORROSION

T 32 REO WATER-

IN

..ORROSION III

RNEUD.AWERAOTUESit COMPLANTS

SERIOUS CORROSION

234 RED

UNLESS POLYptiospHATA
HIGH

EXPERINCE0

CORROSION

RED WATER COMPLANkS

AT 150

COvPLANTS

AT 150 F
HOT WATER HEATERS

COLO WATER INES

WA

'N COLO WATER
COMPLAINTS IN

COLD WATER

COLO WATER

OF REO

AOCEO

TEMP. - POLYPHOSPHATE.

f

PRESENT

-

,

%.

a
........_--------NO

--------PRACTICALLY
19111.....

kill
F

I
.

.

........."-s------ ER

MAINS ..

ONE YEAR

MAINS .J
MAINS

WATER

.

!%4CORROS.0.1

4NINEIRNow
AT E40

COMPLAINTS

Al' 150 F

WATER

F

IN ONE
I

WATER

VERY CORROSIVE

SEVERE CORROSION-RED

O

-
s..

'CORROSIVE AT 60 F
. .

.

TO COLD WATER

60 AND
ENTIRE SYSTEM

wAny

ISO' F

I

o

.

O

0
CORROSIVE

C-----o-CORROSION
VERY CORROSIV&AT

IN

O $EVERELY CORROSIVE

, .
TO HUNS

X
II,

0
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`SAFETY

0

A. ELECTRICAL SAFETY

1. ALWAYS 6SEGROUNDED OR DOUBLE INSULATED' '
ELECTRICAL TOOLS WHEN WAKING ON SOFTENERS
OR CHEMICAFEEDERS.

2, MAKE SURE ALL MOTORS AND ELECTRICAL' CONTROLS
ON SOFTENERS AND CHEMICAL FEEDERS ARE PROPERLY
GROUNDED. 4

B. LIFTING CHEMICAL LIME AND SODA ASH BAGS . _

*
1. ALWAYS,LIFE FROM THE KNEES TO PREVENT PERSONAL

INJURY. s'Jr-

C. EYE PROTECTION

1. ALWAYS WEAR EYE PROTECTION WHEN HANDLING CR
WORKING AROUND LIME OR SODA ASH FEEDERS.

2. ALWAYS WEAR PROTECTIVE COVERINGS ON HANDS AND
ARMS WFEWHANDLING LIME AND SODA ASH.

3;s* LIME OR SODA ASH,SHOULD COME IN CONTACT WITH
EYE OR SKIN, FLUSH WITH. A LARGE QUANTITY OF
FRESH WATERAND CONTACT A PHYSICIAWIMMEDIATELY.

A

.

49
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A

.0.

LABORATORY CUITROL

A. PHYSICAL

) 1. TEMPERATURE

2, TURBIDITY

CHEMICAL

ALKALINITY ,

2% .0T,A1- AND CALCIUM HARDNESST

3. .TOTAL DISSOLVED SOLIDS

14

S. SOLIDS CONCENTRATION (i FLow UNITS ONLY)

6, "CATALYST" ANALYSIS ("SP IRACTOR" ONLY)

O

4

o°
,

t 50

I .
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LASS PROBLEW#1

4art A

1. .For a water containing calcium.bicarbonate (Ca(HCO3)2)hcw many
moles of,lime will be needed to react with each mole or calcidM?

2. If a water contained 250 mg/1 of calcium bicarbonate, how much
lime will be needed to soften the water ?'.

7-`

3. If the water in Problem 2 had a .total diss-olved solids before
softening of,5004mg/1, hat will the total dissolved solids be-
after softening?

oe

It

O

52



1,

AO

CLASS PROBLEM

1. For a water containing magnesium sulfate (MgSO4), how many moles
of lime and soda ph per mole (MgSO4) will be required to soften
the water?

'

. If a water contained 250-mg/1 of calcium bica
yA,

rbonate and 250 mg/1
of magnesium sulfate,.how much lime and soda ash will be required
to softhn the water?

.
Sir

If the water in Problem 2 had a total dissolved solids before
softening of 900 mg /l, what will the total dissdlved solids be
after.softening?

53
Os
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T or -F 1.

T or' F 2.

T or F

T or -F 4.

or F 5.

r

CLASS PROBL

Single, stage s tening always obtains the softest
water.

4

The first stage unit for two-stage and split treat-
men., is always opera for maximum magnesium removal.

e,

Soda ash is always required for treatment i,n the
second stage of a two stage or split treatment
softening process.

Single stage softening is'always the cheOest process
for softening water.

Split treatment softening should always be used when
softening surface .water. 4 ,

0

O
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CLASS PROBLE #3

1. If the 'desired finished water quality:is a total hardness of 100
moil as CaCO3, what process would 6e the m desirable for each' -

of the following waters:

Alkalinity:, Calcium Magnesium
Hardness Hardness

a.
,

b.

c.

d.

R.

f.

g'..

h.

-i.

.

...

41310111200

200

. 200

350

, 350

100

' 100

100

.,.100

.

'

200

100

100

200

200

250,

250

100

100

0

100

100

. 150

200

250,

i50

350:-

.350

7

/

a
o

Carbon
DioOde

a

0

0

0

20 ..

0

20

.'

0

20'

spieWl





Handout for I'I2TWS - Basic Chemical Precipitation Softening
.

I. Introduction
A. What is Hardness

1. Chemical Components
a) Ca

. b) Mg
N c). Other

2. Types ,

-111

. a) Carbonate
b) Noncarbonate

3. Typical hardness in U. S. _

4. Typical hardness in Iowa.'
B. .What is Softening ' .

A

1. Removal of hardness'
2. Types of softening

"

a) Chemical'Precipitation
b) Ion exchange

C. Why Soften
1. Advantages' :

a) Consume less soap and detergent
b) Increase, the life of clothing and other articles
c) Increase the life of pipe, and fixtures, heating systems,

and boiler shells and tube for depositing waters..
d) -Certain industrial process s require it. ..

e) Some indications that hardwater maybe the cause of
certain cardiovascular diseases.

f) Remove radioactive nuclideS.
2: Disadvantages

, ..

a) With improper control, softened water, may be more
corrosive or scaling thantheraw.water. .

b) Chemical precipitation softening produlces'a significant
volume of sludge which ha$ to ye disposed'of.

I I. Principles of Chemical Precipitation Softening
,A. Softening "Reactions .

1
1

i

1

1. Free Carbon Dioxide
I'

CO2 + Ca (OH)2---dadO3ti+ H20)

Carbon ''Lime, Calcium i Wa4r
Dioxider Carbonatb

2.= Calcium Carbonate Hardness 4 :',,

-Ca(HCO3)2 + Ca(OH)2 >:2C C034Y1+

Calcium Lime .Calcium Water
Carbonate Carbonate,

5
o.

. -t



3. Magnesium Carbonate Hardness

Mg(HCO3)2 + 2Ca(OH)2__,CaCQ3 + Mg (OH)2 1 2 H2O

Magnesium Lime Calcium Magnesium Water
Carbonate Carbonate Hydroxide

%A

4. Calcium Noncarbonate Hardness'.

CaSO4 + Na2CO3__.,.._>CaCO3 4 + Na2SO4

--Calcium- Soda . talcium, Sodium--
Sulfate ,= Ash Carbonate Sulfate

Magnesium tIoncarbonate Hardness

Mg,;04 ± Na2CO3 + Ca(OH)2 +. .Mg(OH)
2

Na2SO

Magnesium Soda Lime Calcium MagnesiuM: Sodium
Sulfate . Ash Carbonate Hydroxide Sulfate

B. Recarbonation leactions

1. Excess Hydroxide

2 OW: ,+ H2CO3--1->CO3: + 2 H2O

Hydroxide Carbonic Carbonate Water
Ion , Acid Ion

2. Calcium Carbona.te..

2 CaCO3 +,,H2CO3 ---->2 Ca(HCO3)2

Calciumt Carbonic Calcium
Carbonate Acid Bicarbonate

. Magnesium,Hydroxide

.4;
Mg(OH) + 2 1-12CO3---->Mg(HCO3)2 + 2 H2O

III. Cheaical Precipit tion Softening Protdsses4'

A. Two Stage Solening (See Figure 1)
J. 'First Star

. a) -Opera e first stage at adequate pH for desired
magneOum removal:

. Second Stage NC

b) Add soda ash and /or carbon dioxide to reduce pH
,4 for obtimum removal of .calcium.

58



. B. Split Treatment Softening (See Figure,2)

1. First Stage %

a) Operate first stage at adequate pH for

magnesium removal.

2. Secprid Stage . ,

b)--Bypass part of theraw water and/or add soda

ash to reduce pH for optimum removal of calcium.

C. Single Stage Softening (See Figure 3)

1. Single Stage )

a) Operate single stage for optiMum total hardness 0

removal.

IV. Types of Chemical Precipitation Softeners

A. Straight ljne softener (See Figure4)

B. Upflow soli contact softener (See Figure 5)

C. "Spiroactor" softener (See Figure 6)

V. Basic Operation of Chemical Precipitation Softeners

A. Two Stage Softening
1. Eirst Stage

a) -pH should be -adjusted to above 11.0.with lime to

obtain magnesium,removal. This pH can be reduced

somewhat.if not total magnesium removal is requilred.

2. Second Stage

a) pH ofthe second stage should beapprOximlately 10

to obtain optimum calcium removal.

b) If soda ash is used it should be added just prier. to
the second stage to help reduce the pH.

4

1

o) Recarbonation with carbon dioxide is usually repired

.to lower the pH to_the optimum.level.

d) Recarbonation of the finished water to approximately:

9.5 is usually required to prevent scale builduip on -

the filters. This final pH isklependent on the water

chemical and physical chal-aCtetistics and tNerefore

requires, a calculation of the final pH for each'

plant to ensure properly sIabillized water. ".

B.' Split.Treatment Softening

1. First-Stage
a) pH should be adju sted to abov 11.0 with lim o obtain

magnesium remova]. This pH c n be reduced somewhat to

obtain the desired total magnisium removal.

2. Second Stage
, 4

1d), pH of the stage should be approximately 10 to

obtain optimtiecalcium remova

b) If soda ash is4psed it should be added just prlior to

the,second stage to help redue the pH,

c) Generally the carbon dioxide nd bicarbonate in the split

flow is adequate to lower the pH in; the second stage to

obtain optimum calcium remove . . ,,

.

d) If pH drops below 10.0 add ad jtiOnal lime to second stage

to obtain the desired calciu iedution.
,

)

Recarbonation ofihp finishe 'water to approximately 9.5' .

is usuallfrequired to preYe t scale buildup on the filters.

This final pH is dependent o 'the Water chemical and ,physical

characteristics and therefor requires a, calculation -of the

final pH for each plant to e sure properly stabilized water.



B. Split Treatment Softening (See Figure 2)
1. First Stage

a) Operate first stage at'adequate pH for
magnesium removal. ,

2. Second'Stage
b) Bypass pSrt of the raw water and/or add soda

. ash to reduce pH for optimum removal ofcalcium.
C. Single Stage Softening (See Figure 3)

1. Single Stage .

a) Opera e single'stage for optimum total hardness
r'emoM.

IV. .Types of Chemical ?,recipit'ation$Softeners
A. Straight line 'softener (See Figure 4)
B. Upflow solids contA46ftener (See Figure 5)
C.' PSpiroactor" softener; (See Figure'6)

V. Basic Operation-of Chemi01 Precipitation Softeners*
A. Two Stage Softening

1. First Stage '*
a) pH should-be'adjusted to above 11.0 with lime to

,obtain magnesium removal. This pH can be reduced
somewhat if not total magnesium removal is required.

2. Second Stage
a) pH of the second stage should be'approximately 10

to obtain optimum calcium removal. 0

b) If soda ash i,s used it should be added just prior to
the second stage to help reduce the pH.

c) Recarbonation with carbon dioxide is usually 'requirad
to lower.the pH to the optimum level.

id) Recarbonation of the finished water to Opro4mately
'9.5 is usually requiced'to preveN scale buildup on
the filters. This final pH is degendent on the water
chemical and physical characterittics and therefore
requires a calculation of the. final pH for each
plant to ensure properly stabilized water.

B.' Split Treatment Softening
1. 'First Stage

a) pH should be adjusted to abo-Ve 11;0 with lime 0 obtain
magnesium removal. This pH can be reduced samewhat to
obtain the desired total magnesium i'emOval.

2. Second Stage
a) pH of the second stage should be approximatellyi10 to

obtain optimum calcium removal.
b) If soda ash is used it should be added just aor to

the second stage to help reduce the pH.
c) Generally the carbon dioxide and bicarbonate +the split

flow is adequate to lower the pH in the second stage to
obtain optimum calcium removal.

d) If pH'drops-below 1Ce.0 add additional lime tdt second stage.',
to obtain the desired calCium'reduction; i)

erReOrbpnation ofthe finished water to'aggro4.*ately 9.5
is usually required.to prevent scale builduplin the filters.
This Anal pkis dependent on the water chemilal and phy-sical
characteristics and therefore requires a calWation, of the
final pH for each plant to ensure properly stabilized water.
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C. Single Stage-Softening
Single Stage
a) pH should be above 10 to obtain acceptable,performance

of the softener. If magnesium removal is desired, the
pH Should be above 11.0. The optimum operation, that

'operation resulting in the least hardness, will be.
different for each plant, resulting in some experimenta-
tion to determine what pH is optical.

b) 11 chemical feeds are added just at the head of the unit.
c) ecarbonation of the finished water to approximately 9:5

is usually required to prevent scale buildup,on the filters.
_ This final Otis dependent on the water, chemical 'and physical'

characteristics and therefore requires a calculation of the .

final pH for each plant to ensure properly stabilized water.
VI. Water Stabilization

A. Factors affecting water stabilization
1. Temperature

4

2. Calcium
3. Total Dissolved Solids
4. Alkalinity
5. pH

B. Reizener Index
= 2 pHs-pH

C. Saturation pH
(See Figure 7)

VII. Safety
As Eletr.ical Safety . ..,

1. Always use grdunded or double insulated electrical tools when
ki working on softeners or cheMical feeders.
2. Make sure all motors and electrical controls on softeners and

,-.
' chemical feeders are properly gr9unded. SO )

B. Liftin9 chemical lime and soda ash bags.
1. Always lift from the knees to prevent personal injury.

C. Eye protection .

.I. Always wear eye protection when handling or working around
lime or soda ash feeders. . "..s

.

.2. AlWays wear protective covers on hands and arms when handling
lime and soda ash. .

- ,

. If,lime or soda ash should come 'in, contact withjeYe or.skin,.
'flsk withla large quantity of fresh water and, contact a.pAysi-
cian immediately.

. ,

VIII., Laboratory Control'
A. physic;a1 ,

1. Temperature
.: 2. Tdrbidity .

, ).:

B. Chemical

. J. °A1ka linity, .

-12. Total and. calcium. hardness

3. Total dissolved solids
d. pH

5. 'Solids concentratidh (Upflow units onlj)
6., "Catalyst" analysis ("Spiractorl only)- .
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1
Exam nation for IIZTWS - Basic Chemical Precipitation Softening

1. Hardness in most waters is caused by and

divalent cation ions,

2. Hardness ions that are matched with bicarbonate anions are

called
. 4S114

T ss.

3. Softening,is defined as

4. List three advantages of--softening

a:
7 ,

b.

C.

5. List'two disadvantages -of chemical precipitation softening

a.

_
t

*
.

,,,i

6. IA chemical precipitation softening, calcium ions are
...,

4
)1

as . .4; . . v.
. ,

T. Soda ash is required for removal of hal-loess.-
, .

,
,,-,

8. List the five factors affecting'water stabilizatiop.
s'- 1 .

-; .

?... ,-/-
9. MagnesiuM is removed b.iadding,..-'- ,.moles of .lime for each

% . .
.

mole or magnesium.
.

:

. .

4 0 I

-.
72
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I

10. Match the appropriate number to the name for e,various zones in an
upflow solids contact unit.

C

Clailfication Zone.
Sludge Blank and Thickening Zone
Primary Reaction Zone
Secondary Reaction Zone
Riser Zone

'Wolkwoyz

-VP

Drive Mechanism

Radial Launder****

Baffle
Shaft

Cone

Turbin'e.

ui

le-Effluent Pipe

0 0 06 o c 0

Sludge -Pipe

$
, 0 4;;;

o

1.

'70.1K,WWWOMOWIL0164,...01,7010M4OWEAMANOWW

Chemical
e Feed

7 3 ,

4'

Influent Pipe

Rake

a 00 0
'60 0
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TRUE OR FALSE. CIRCLE THE CORRECT ANSWER.

or F 11. .Carbon dioxide recarbon'ation is usually required tp
properly stabilize water after chemical softening.

T or A properly stabilized water always has a pH of 7.d.
k.

T or F 13. When watet4, contains CaSO4 it is considered.noncarbonate.

T or F 14. dioactive particles aie removed by chemical precipitation
r-.tening.

T or F 15. Total Dissolved solids always generally decrease With
chemica cipitation softening.

T or F 16. Split treat ent should never-be used for waters containing
carbon di ide.

a

T or F 17. Magnesium is remov
(MgCO3) in chemica

from the water as magnesium carbonate
precipitation softening.

T or F '18. A.softener operating at a pH of 10.0 will have a significant
amount of magnesi,pm removal.

T or F 19. The advantage of the !'Spiractor" is th't it removes both.
noncarlIonate an0 'carbonate hardness.

T or 20. Straight line softening is the easidst'to operate but is
also the easiest to upset.

.0

74


